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FOREWORD 


This  report  is  the  last  in  a  series  of  studies  by  Dr.  Earl  Lackey, 
formerly  climatologist  in  the  Earth  Sciences  Laboratory,  on  methods  of 
predicting  climatic  probabilities  from  incomplete  data.  In  this  study, 
a  method  is  developed  which  portrays  effectively  the  behavior  of 
temperature  distributions  under  a  vide  variety  of  cl  lisa tic  conditions. 
This  enables  one  to  make  an  effective  comparison  of  the -se  climatological 
variations  and  also  introduces  a  simple  vay  of  extrapolating  ssall 
amounts  of  data  to  what  night  result  if  .larger  amounts  were  available, 
by  putting  all  distributions  on  a  comparative  basis. 

The  approach  used  in  this  study  is  somewhat  unconventional  frat 
the  point  c'.  view  of  standard  statistical  procedures,  but  because  it 
does  throw  light  upon  the  behavior  of  climatological  distributions  it 
is  presented  here  for  consideration  by  other  investigators  in  this  field. 
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ABSTRACT 


Extended  experience  in  the  construction  and  use  of  several  differ¬ 
ent  predictive  nomographs  covering  a  vide  range  of  frequency  distribu¬ 
tions  of  various  types  of  weather  and  other  phenomena,  suggested  „he 
probability  that  a  universal  series  of  patterns  of  frequency  distributions 
might  permeate  the  whole  of  nature.  This  study  is  based  in  part  on  the 
several  nomographic  patterns  developed  in  previous  studies.  It  assumes 
that  all  of  the  frequency  distributions  we  sure  likely  to  encounter  in 
practical  climatology,  whether  symmetrical  or  asymmetrical  (skewed),  may 
be  fairly  well  approximated  by  a  family  of  cumulative  frequency  curves, 
provided  they  are  plotted  on  such  a  scale  that  100  units  represents  the 
whole  range  of  observational  experience  in  each. 

The  predictive  patterns  in  the  General  Nomograph  and  its  associated 
table  depend  for  their  operation  on  the  numerical  position  of  the  mean 
(average)  between  the  two  extremes  (maximum  and  minimum)  in  the  frequency 
distribution,  when  the  three  related  measures  are  reduced  tc  a  100-unit 
scale.  The  means  of  frequency  distributions  having  various  degrees  of 
skewness  lie  along  a  diagonal  line  from  the  lower  left  to  the  upper  right 
of  the  basic  section  of  the  nomograph.  Other  lines  (curved)  trace  the 
values  of  other  percentile  or  fractional  parts  of  the  various  distribu¬ 
tions.  The  construction,  use  and  reliability  of  this  nomograph  and  its 
associated  table  are  given  in  this  report. 

Similar  predictive  patterns  in  an  Alternative  Nomograph  and  its 
associated  table  are  identified  by  the  numerical  position  of:  (l)  the 
mean  maximum  between  the  absolute  maximum  and  the  mean  minimum,  or  (2) 
the  mean  minimum  between  the  absolute  minimum  and  the  mean  maximum,  depend¬ 
ing  on  which  extreme  is  being  explored.  A  100-unit  scale  based  on  the 
above  values  is  used  in  each  case.  The  Alternative  Nomograph  thus  illus¬ 
trates  the  possibility'  of  using  parametric  data  other  than  means  and  ex¬ 
tremes  as  the  basis  for  a  nomograph,  if  that  should  be  necessary,  or 
should  prove  to  be  a  better  basis  for  frequency  prediction. 

The  essential  summarized  data  for  use  with  either  nomograph  may  be 
secured  from  printed  publications  or  isothermal  maps.  How  each 

source  of  summarized  data  may  be  used,  fer  retrieval  or  predictive  pur¬ 
poses,  is  shown  and  the  results  are  verified  by  comparison  witn  recorded 
data  in  the  same  vicinity. 
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A  GENERAL  NOMOGRAPH  FOR  NORMAL  AND  SKEWED  FREQUENCY  DISTRIBUTIONS: 


CLIMATOLOGICAL  AND  OTHER  APPLICATIONS 


Purpose  and  scope 

This  study  offers  a  method  whereby  the  detailed  climatic  record  may 
be  retrieved  in  part  by  use  of  a  nomographic  device  in  which  suramarired 
data  may  be  used  effectively  to  reconstruct  the  patterns  of  weather  and 
climatic  phenomena  Inherent  in  the  record.  The  mean  and  the  extreme 
values  which  are  available  in  summarized  climatic  records  are  inter¬ 
related  in  such  a  way  that  it  is  possible  to  discover  from  them  the  de¬ 
tailed  frequencies  of  particular  climatic  values  in  the  past. 

The  operation  of  the  nomographic  method  presented  here  depends 
largely  on  the  asymmetrical  or  skewed  position  of  the  mean  of  any  given 
climatic  frequency  distribution  as  a  measure  of  central  tendency  between 
the  extreme  maximum  and  extreme  minimum  in  a  frequency  distribution.  In 
using  the  method,  those  measures  are  arranged  in  a  numerical  sequence 
and  converted  to  a  100-unit  scale,  the  ex+remes  of  which  are  the  extremes 
of  the  distribution,  0  to  100,  respectively.*  A  commendable  feature  of 
the  method  is  its  adaptability  to  either  manual  or  machine  processing. 


*It  is  also  possible  to  base  the  100-unit  scale  on  values  other  than  the 
extremes  of  the  distribution,  and  use  the  means  of  the  extremes  as 
measures  of  skewness.  See  Part  V. 


A  nomographic  method  for  determining  hourly  distribution  of  tempera¬ 
ture  was  published  by  Spreen  in  1956  using  the  monthly  mean,  the  mean  max¬ 
imum  and  the  mean  minimum  as  the  essential  measures  (ll) . 

Another  nomographic  method  for  predicting  hourly  distribution  of  tem¬ 
perature  was  proposed  by  lackey  in  I960,  based  on  10-year  records,  featur¬ 
ing  monthly  means  and  the  associated  10-year  extremes  (5).  A  companion 
study  appeared  in  1964  for  assessing  the  percentage  frequency  and  probable 
amounts  of  one-day  rainfall,  based  on  the  mean  monthly  precipitation,  and 
the  maximum  one-day  rainfall,  in  a  series  of  10-year  records  (j).  Other 
studies  by  Lackey  dealt  with  maximum  temperature  probabilities  (3)  and 
minimum  temperature  probabilities  (6,  9)* 

A  whole  series  of  U.S.  Weather  Bureau  Technical  Papers  is  devoted  to 
the  analysis  of  weather  and  climatic  data..  Several  of  these  deal  with 
frequency  and  areal  distribution  of  temperature  (12).  Areal  and  frequency 
distribution  of  precipitation  is  covered  for  most  of  the  United  States  in 
Technical  Feport  No.  15  with  its  more  than  tventy-five  separate  parts  - 
mostly  by  states. 

A  number  of  in-house  U.S.  Army  Handbooks  (10)  deal  with  the  analysis 
of  climate  at  specific  locations  in  different  parts  of  the  world.  Sach 
of  these  presents  in  graphical  end  tabular  form,  the  frequency  and  level 
of  temperature  distribution  to  be  expected  for  each  month  of  the  year. 

Some  data  from  three  of  these  Handbooks  are  discussed  in  III,  2,  this 
report. 

2.  Integrating  Features 

a .  Nature  and  purpose  of  the  100-unlt  scale 

Very  early  in  our  st.dy  of  arithmetic  we  learned  that  in  order 
to  compare  or  combine  two  or  more  fractional  values,  it  was  necessary  to 
reduce  or  change  them  to  a  common  denominator.  For  example ,  l/2  +  1/5 
+  l/lO  =  5/l0  +  2/l0  +  l/lO  =  8/l0.  Later,  ve  discovered  we  could  change 
all.  fractional  -values  to  a  universal  denominator  -  the  decimal  fraction. 
Moreover,  ve  learned  also  that  ve  could  reconvert  any  decimal  fraction  to 
an  equivalent  common  fraction  with  any  chosen  denominator.  For  example, 

oao-Jk-^-22-i£-J£-i--£ _ !_  e-c 

"  100  "  50  "  25  "  20  "  10  "  5  '  2.5  '1.25  # 

These  procedures  offer  a  clue  to  vfaat  is  proposed  as  a  method  for  assess¬ 
ing  detailed  probabilities  from  summarized  data  in  which  no  two  records 
are  alike,  yet  which  do  have  some  important  elements  in  common. 
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b. 


A_  symmetrical  climatic  frequency  distributing 


dally  »ean  (Wto^te^Stur*^^  77“p"JS  ^rl°d  ( 310  JuX*  days)  the 
57*F  and  the  absolSTmaximum  (Ab£) %S8Sute  (AbMi)  "** 

lies  midway  between  the  extremeR  r  (5,  p.  299).  Because  it 

unit  scale!.  A  shorter ““  18  50  th'  10c- 
converted  mean  (CMn).#  ^  hat  relation8hip  is  to  call  50  a 


Hourly  distribution  ox  tej^meratuTp  -in  crt  , 
3VB:  ot  the  time,  62aHr  telnv 


follow:  It  of  the  "time  Seoal  duria€  <! 

50^6  of  the  Le/n^oSov.'  M  ,°f  tlae'  &T  oTbeloy; 

of  the  time,  94°f  or  belnv  “t  ““e  tiine*  86  or  below;  and  QQ% 

ragjgg«>«ffl«»jasaB- 

■ax^a'ss.tr-SLii. 

C*  — — Skeved  cl^lc  frequency  dist.nw<~. 

~  r^teTifr^^r  2' 

s  2  ss:  « j.  ^  1^.”  trs: 

(See  Appendix  B  for  detail  solution  "' 

upuid^e  ^"tTC'or^relo15  “  5“  frt»  metrical  that  It 

tlons  But  the  nomograph  breais  It'dora  easlS^nC^l111^  <U’trlbu- 
probabilities.  asily  in„o  a  clear  statement  of 


a. 


SSage-Of-COBverted  .rear  values  from  these  studies 


'*  ‘J8  General-purpose  ^ 

r^\Tin^“?0v^fTf  .* 

gg* 1}J “ -ESS 

even  t.ogh  L  ae^2^1^™  ' ^ 


*See  Appendix  A  for  Abbreviations 
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70  to  100  range.  Symnetry  of  pattern  in  the  basic  section  of  Figure  1 
seems  due  to  the  intended  and  actual  near-equivalence  of  predictive  dis¬ 
tributions  to  the  actual  frequency  distributions  of  climatic  observations 
on  which  the  nomograph  is  based,  and  thus  by  analogy,  their  equivalence 
to  actual  distributions  at  climatic  stations  published  only  in  summarized 
form.  However,  present  proof  of  the  validity  c “  the  basic  section  of  the 
nomograph  will  be  limited  here  to  examples  of  the  empirical  tests  used  in 
this  and  prior  studies. 
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PART  n. 


THE  GENERAL-PURPOSE  HOMOGRAPH 


1.  Its  source  and  evolution 

The  integration  of  the  none  graphs  used  in  the  two  studies  mentioned 
in  Part  I,  together  with  conclusions  derived  from  these  two  investigations 
(5,  7)  and  associated  extrapolations,  resulted  in  a  prototype  general- 
purpose  nomograph  similar  to  Figure  1.  After  testing  and  modifying  the 
prototype  by  uso  of  numerous  actual  frequency  distributions  from  world¬ 
wide  sources,  both  of  hourly  temperature  and  1-day  maximum  rainfalls,  the 
refined  instrument  Fig-ire  1  evolved.  The  frequency  distribution  of  con¬ 
verted  predictive  values  (CPrV),  as  represented  by  the  prediction  pattern 
of  each  of  the  converted  means  (CMns  1  to  100 )  and  associated  converted 
predictive  values  (CPrV  0  to  100 ),  were  critically  examined  by  use  of  4 
different  types  of  probability  scales.*  An  attempt  was  made  to  devise  a 
mathematical  model  from  which  the  100  CMn  patterns  of  the  nomograph  could 
be  derived.  But  this  did  not  materialize.  Consequently,  the  conqvleted 
nomograph  is  empirically  constructed,  almost  entirely.  However,  values 
for  CMn  50  and  associated  CPrV's  closely  approximate  the  values  taken  from 
a  normal  frequency  table. 

2.  Description  of  Homograph  and  tabular  equivalent 

a.  Basic  section 

(l)  The  nomograph 

The  square  within  which  the  Basic  Section  of  the  nomograph 
is  drawn  measures  100  units  both  horizontally  and  vertically.  The  verti¬ 
cal  lines  represent  101  (0  to  100,  Inclusive)  converted  predictive  values 
(CPrV).  The  horizontal  lines  represent  101  (0  to  100,  inclusive)  con¬ 
verted  means  (CMn),  and  the  converted  predictive  frequency  distributions 
(.CPrV)  associated  with  each  of  them.  The  curved  percentage  frequency 
lines  intersect  both  the  CMn  and  CPrV  lines  and  thus  identify  the  CPrV's 
associated  with  particular  probability  values  on  each  of  the  101  CMn 
patterns.  Each  of  the  101  CMn's  on  the  nomograph  is  associated  with  a 
specific  pattern  of  CPr  values.  For  example,  from  left  to  right,  the 


^Probability  Scales : 

(1)  Normal  Probability  Scale 

(2)  Normal-Log  Probability  Scale 

(3)  Skew-Log  Probability  Scale  (Lackey,  reference  8,  Fig.  3) 
Extreme  Probability  Scale  (G-umbe.1,  reference  4) 
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REPRESENTATIVE  Of  FREQUENCY 


horizontal  line  of  the  CMa  60  pattern  is  crossed  by  mora  than  a  dozen 
curved  percentage  frequency  lines  at  CPr  values  (vertical  lines)  as 
follows : 

O.556  of  the  time,  CPrV  3  1C#  of  the  tine,  CPrV  27 

156  of  the  time,  CPrV  11  20$  of  the  tine,  CPrV  36 

556  of  the  time,  CPrV  18  9956  of  the  tine,  CPrV  95 

99-5$  of  the  tine,  CPrV  98. 

The  0.32356  and  99*67756  are  the  minimum  and  maximum  CPr  v  clues,  respec¬ 
tively,  for  the  period  of  observation  (10  years).  The  diagonal  (lower 
left  to  upper  right)  defines  the  asymmetry  of  each  of  the  CMn  patterns 
and  identifies  the  predictive  pattern  f^r  each  of  the  101  cumulative 
series. 


(2)  The  table 


The  predictive  features  of  the  nomograph  are  numerically 
represented  in  their  entirety  in  Table  I.  For  example,  the  CPrV  90$  col¬ 
umn,  Basic  Section,  contains  the  101  CPrV's,  each  associated  with  25 
curved  percentile  lines  on  the  nomograph.  It  is  easy  tc  see  in  the  numeri¬ 
cal  tafe  hov  each  of  the  predictive  patterns  differs  from  every  other 
one,  and  that  each  cumulative  series  in  the  Basic  Section  accumulates  to 
100. 

The  diversity  of  the  frequency  patterns  that  the  nomograph  (Fig.  l) 
and  associated  table  (Table  I)  afford  is  illustrated  diagrammaticaLly  by 
the  three  curves  in  Figure  2. 

FIGURE  2:  DIAGRAMMATIC  SKETCH  OF  THREE 
REPRESENTATIVE  PATTERNS  OF  CONVERTED 
FREQUENCY  DISTRIBUTIONS 


Figure  2 
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Table  I:  Tabular  Equivalent  of  Oeaeral .Purpoae  doeocraph: 
Converted  Naas*  (Clti)  and  Aaeoclated  Converted  Predictive  Yaluaa  (CPrV) 
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^«Y»aacl«  can  eorar  vmrloua  kinde  of  dletrlbutlore  -  cllaatlc,  laduatrlal,  peyckolnglcal,  biological ,  ate. 

•*  la  the  Extrapolated  Section,  values  sore  than  100  arc  il., _ j  than  100  are  tba  Period  Converted  Mean  a.  FClta  « 

for  Ota  90,  for  exaaple,  the  50-yeer  POta  la  *0°  or  86.2 


r 

< 


i 


9 


-*  00  K  ®  CO 

!*g^*q^5^5*3«3*3S3*SriS*a»3*S^StS*a»3*a»S«5«is8|9SS 


a 


£| 

ag 


s| 
8? 


?3 

PR 

% 


% 


%  ijs« 


? 

S 

a 


2£ 

4 

ft  gj 

Eg 

8  ?cJ 


81 


*tAt'-<0'43oONJ3t-<*a>ONHO«H 


^v>voso«ooo 
ft 


»a*W5R3*M*aa3"3*3N^*s«s*s*sws^n*i«s*s 


f-  On 


cnhonow^cm-* 


4  «  IT, 


CD  03  ao  O  O 


$ 

I 

8 


g-\  m  .*  tA  m  ^  yj  »A  no  ia  t-  X>  t-  Os  CO  O  O  O 


H  A3  LA 


•  cm -+  H-*  Q-*  flx^ta  *r\h- uN'fi v«  lanc  .*  no  fnr-fur~^co  Q a?  ctn on©  on h- on  no  o  ia  p  ^H4N  onry  bj  <nH  no 

i3  a-*  a*  a  *a*d  Ra*a  "s  w  a  ~  d  ~  a  «•  a  *3  ~S  wa  a  a  •'a  *a  • 


ft  O  H  «  ft 


COO<Oft®ftIDftHO 


a  'C  f-  h 


gsgagijftgtRjRg^^^jRltKirtjR^sffssg&gsgfigisssgasagag! 


tA  M  4  Ol 


Jt  »A  03  -4  nO  -4  VO  .4  O  nA  *—  <0  t-  ON  CO  O  <M 


|5,3sa^3*gRa*3fes*3«3*aR5!*: 


I  (M  ri  OJ  H  (V 


no  r»-  co  on  o 


CD  On  O  <X)  On  O  O  O  O 


cvi  r-o  _*  »A  VC  NO  r- 


giygs^gsgsgftgfcg'ftgftgftgsgsgft^ftgftgs^w. 


On  (On  O  H  h  ^  ft  'O 


CO  On  On  f—  ©  On  O 


-j*  o  to  On®  cq  S'  tr  2V',£  S'  CT'  -t.  S'  rn  O  <v  o  ho  qo  QO  On  h  h  k  h  vd  cy  c\  cv  -»  cv  ^nnw 

>>0-*'b-i40-4f0.50  <n  O  H'OnO'nonOnem^MHnHflri^HSHfNJHiXMW'-lOJ'lWHNiiNriN 
<HHHHHHHHr4HHnrlHr4f^»-lHr4Hnnnri 


*-  cO  co  a,  ON  o  o 


©©onOno©cdono  O 


ON  O  ^ 


V\LAL/\Jf¥>fr>*C>CVtf'HtAHtAQNOcQ\Ofc--0'0'0  \f\SQ  -4  -0  -4  n£  ANh-rit— qC--OnC— pst— On^  t—CQ  irvCQ  tf\®  -4  CD  OnQI 
0-4  030^40^*0-4  0-4  0-5  OnSo^O^O^C^OnS^b^O^ojNlOWOftlO  fNjO  wC(\tO«CwON 
!H— 4HHH<H«_N«H*-^HHHfHHHrHfHHHHHHH 


OOOOOOOO 


OOOOOOOOOGOOOOOO 


;|838?8SS£'8:?8?83  83  83  8ft8ft8k8ft8£8ft8£Sft8ft8ft8$83  8fc838;?8;; 

O  •  JH  h^h^hhhhhhhhhhh^hhhhhhhhh 


ft  On  ft 

S  5  S 

m  rn  & 

co  ic  18 

-*  co 

i-  r- 

vo  u- 

NS  -o 

S  K 
X  3 
3  s’ 


£  £  ft  ft  ft  ft  ft 


P 

a 


S'  £ 

®  a 

c.  pi 

3  5 


a  a  e  s. 
u  s  n 


ft  ft  ft  ft  *  ft  8 


3  <d 


ft 


3 

.? 

ft 


-C  kA  >A 
-J  -J 


3, 

ft 


8 

» 

ft 


£ 
fc 

■S’ 

o  oo  r- 

u\  *A  l*\ 

-*  O  On 

A  A  -4 

?  3  3 

ft  ft  ft 


S  S'  55 
£  £  e 


ft  ft 
ft  ft 


£  81  S3  £  P 

P  c  &  $  8 

H  ON  ©  S-  NO 

VO  »A  irS  la  WN 

H  O  CN  H 

IA  lA  4  4  IA 

5*  3  3  ft  ft 

ft  ft  ft 


VO  IA  ;A  -4 
a  (V  CM  CM 


'M  £ 

co  r-  t- 

(II  ftl  N 

S?  SI  N 


O  ON  03 


lA  .4  ’’’"I 


(M  (V  "NJ  H 


O  On  On  CO  CO  r-  f—  n£)  uy 


(V  CJ  AJ  fU 


•o  NO  NT' 


O  O  (T  ON  ® 


O  O  Ov  On  ©  ©  t- 


VO  UN  iA  -4 


9  21  3  0 


-4  f^N  ^N  C\J 

CO  co  h-  (“-  {— 


O  ON  On  On  CD  CD  t'-h-f— 


VO  NO  NO  O  iAlAiA-4  -4-4 


4  J  -4  -4  ^ 


r*->  oo  m 


A3  N  OJ  0#  (M  OJ 


<\J  Ai  oa  cv  Ai  AJ  CM  'N; 


o  o  o  o  o 


— I  >-(  d  H  H 


OOOCOOCOOOOOCO 


CM  OJ  AJ  CJ 


«  J 

ll 

j? 

!| 

I? 

ll 

ll 

IS 

it 

Is  8 

;l  8 

i]«fa 

fiS8 

SJ  = 

*i| 

HI 

1  g  X 

M  5  ♦> 

Ij  *4 

d  ♦»  * 

A  V  • 

si! 

ih 

m  m  •» 

fs8 

Si* 

I-  ^ 

ff4 


1C 


iw  H  OJ  Jt  U>  t—  r-i  m  -4  vO  <0  O  (\J  -4  VO  ao  H  iA  CO 

ggaasaa. 


fc(&7  a  s  a  ft  4  s  »  a  -i  ft  3  a  z  rt  a  «  a  ft  s  *  <*  ft1 ®  ft1 ®  ft  ^  s ^  2  *  7 J  s- *  3  A  r °*  a  *  £  ~  * 

2  *]h  hHHHHHHHHHHHHHHHHHHHH  h 


ft 


$ 


•  I 

1  8  a^  ji  h  h  in  vo  co  ck  H  cj  4  ^  CO  cr**-irn»Ah-o  <n  O 

J|^|gsgr5^5,s^s^f^^5i5d§2§'SgcA3®wf:S'"«“;5“;5j'|^~g."*';«'4 

ol  ■«  oj  r'vj*  i/v  *0  ®  co  O  <h  OJ  <n_»  vo  t-  O  r-4  m  Jt  vooo  h  ^  q 

•  |°$ 

1 553^2^  sj»§3§  2§ai  g  i%  25*3®  jpg  ^'sp: '  *  3"*?"2~3  "2T 


IA  N  ®  O  H  oi  ^  iAl-OvOH<nj'C©OW«NNO«n 
u?v.4flD-4  t^-  iAVO  VO  lAO  tAf-Jf  t—  <A<0  OJ  CO  «4  <7v  O  Q  OWO>  5G  *“  fc'0  *&  ^  ft  *'  ^  •*  “5  rn*TCif)i.CN|£'HlJ. 

^a^a^a^sj '<‘4^5M5^2ias<qa',5'"5  I  !:  2  2  I  i  i  J  i  s  & 


ij 

~|t 

lf| 

Ik 

*• 

M$3 

2-8 

m 

*i 

K 

u 

H 

1 

t 


ON. 


«X  -4  vO  C-  CO  ©  OJ 


VO  P-  <Tv  O  Cl  -4  L—  Ov  *4  -4  VO  <7\  (J 


m  nn  iA  CO  »4  OJ  -4  IA 


COO  H  J  lA  f“  O  N  4  H  OV  <0 


«•  •  lAI  rt  Jt  J»  u\  iA  0-  t—  <0  C7v  <?■ 


O 
l  A  <4 


a  *%a'3 sajs 353*5 gisjcsjagsga §<*s3“Stl2y5»,A^ 

*  *£ 

m  -JA  ,H  OJ  H  CJ  rn  OJ  tn  m  «4  -4  O  O  vO  t—  <2>  OvO  *H  OJ  ^  4  o  O 

-Spas a  p^g^a'  3" 

8RL  '"  ■" 


o  •  igjoooooooooooooooooqqqqcqo 

e  j58J?88i8si8S3  8  28^8^^giG828i3a8  3P2  8^8®'8t-8'08^8J8M8'--8^80 


j  2Sj 

% 

& 


9\ 


1 


1 

1  1 


ti* 


M  ^  2 

•  A 

5  «t° 


«  2  *2; 

u  *>  4 

il  52  a  a  p  2 


k  yn  lA  W%  'O  (U  H  O  C'  CIJ  t-  nO  A.  JV  -4  -4  fOAOfj  <4  O 

^<  H  H  ri  H  i—f  >H  H  >-• 

O^.  2f.  <O<X>00C-^-O«A*A-4.4  r+\  f*-  OJ  CM  *  »  *-«  O 

©  (ji  o  <D  co  f—  r-  o  <o  u\  ia  -4  4  -4  <*->  m  <n  rj  oj  *h  -4  O  o 

vO  ia  iA  hA  J\  A  iA  iA  -4  4  -4  AO  *■"»  m  OJ  CJ  CJ  *“<  .4  ^4  .4  O  O 

AO  "O  m  *•"»  <*j  0_  CJ  OJ  OJ  --4  »-♦  M  ^  ^4-4000 


—  -4  -4 


^Utj  oj  rj  cj  oj  cj  oj  oj  rj  oj  'H 


-4<«4^4000000 


U*-i-4  r4  ^4 
6 


ooooooe  oooococooooo 


]ooooooo>oooo 


oooooooo 


«  CJ  H  H  H 


PC  -4  o 


Is 


eg 

iH 

£ 

s* 


II 

*  *> 

I! 

is 


X 

« 

8 

3 

s 

s 

5 

s 

3 

fO 

CO 

a 

3 

P 

ft 

-4 

h— 

3 

vO 

a 

iA 

kA 

3 

O 

d  > 

C* 

Jj  o 

(■ 

P 

ft 

p 

p 

& 

r- 

■O 

4 

(n 

o 

3 

CO 

<A 

vO 

%rv 

-4 

wV 

a 

S' 

3 

ft 

« 

<73 

CJ 

O 

CJ 

O 

31 

1  s 

4 

m 

vO 

3 

5C 

vO 

iA 

-4 

*A 

m 

•A 

kA 

C*v 

-sr 

f— 

-4 

3 

r4 

-4 

ft 

ft 

nc 

m 

ft 

VD 

CJ 

a 

CO 

-4 

CO 

O 

2  2 

a 
1 1 

i.  ■ 

H 

a 

8 

S 

r- 

ur 

5 

3 

3 

o 

^4 

ft 

ft 

ft 

ft 

CO 

CJ 

vO 

CJ 

nn 

CJ 

O 

CJ 

r- 

4 

4A 

-4 

a 

vC 

O 

CJ 

00 

Iz 

3 

S 

ft 

ft 

IA 

m 

m 

ft 

ft 

3 

r- 

CJ 

IA 

CJ 

-4 

CJ 

rn 

CJ 

CJ 

O 

V*> 

*4 

-4 

r4 

o 

*4 

<r> 

»A 

o 

® 

h 

Q 

sT 

r~ 

* 

m 

m 

rt 

ft 

tx 

c- 

OJ 

lA 

CJ 

-4 

OJ 

8J 

a 

o 

CJ 

<D 

H 

p~ 

-4 

kA 

4 

-4 

a 

q 

(Tv 

f- 

vC 

<n 

o 

•  ** 

;S 

8 

R 

* 

lA 

OJ 

^4 

OJ 

rn 

OJ 

OJ 

3 

o 

-4 

t- 

H 

vO 

-4 

A 

-4 

-4 

m 

•4 

a 

*4 

H 

Ov 

c- 

sO 

iA 

OJ 

l§ 

M  1 
8' 

OJ 

Oj 

>-1 

OJ 

8 

Ov 

r-4 

CTi 

0- 

H 

vO 

•■4 

<A 

•*4 

-4 

H 

m 

«-4 

2 

a 

O 

H 

<?v 

<23 

t- 

vO 

VT 

-4 

OC 

<  J 

-4 

o 

SI 

-4 

• 

»4 

11 


b.  Extrapolated  section 

(1)  The  nomograph 

The  101  patterns  of  converted  means  (CMns)  with  their  series 
of  cumulated  converted  predictive  values  (CPrV* 8,  0  to  100)  each  repre¬ 
sents  a  frequency  distribution  which  becomes  attenuated  from  the  CMn 
toward  its  extremes,  but  does  so  at  a  decelerated  rate.  A  frequency  of 
1  day  in  1  January  (l/3l)  is  3*23$  of  the  time;  1  day  in  10  Januaries 
(l/310)  is  0.323$  of  the  time;  1  day  in  50  Januaries  (l/l550)  is  »06 4$ 
of  the  time;  1  day  in  100  Januaries  (1/3100)  is  0.0323$  of  the  time.  This 
represents  deceleration  toward  infinity.  This  decelerated  decline  of  fre¬ 
quency  in  the  10-year  record  (CPrV  0  to  100  for  each  CJfa  value)  is  con¬ 
tinued  in  the  Extrapolated  Section  of  the  nomograph  and  extends  to  cover 
climatic  frequency  probabilities  to  100  years  (for  particular  months)  by 
decade  accretions. 

Thus,  we  can  trace  the  CMn  60  pattern  (mentioned  in  Basic  Section 
above)  beyond  the  100  CPrV  limits  to  include  20-  30“  ^0-  50-  60-  70-  80- 
90-  and  100-year  probabilities  with  reference  to  specified  months.  The 
extrapolated  CPrV's  above  CPrV  100  for  CMn  60  are  103,  105,  107,  108,  109, 
110,  110,  111  and  112,  respectively.  The  decelerated  trends  were  derived 
by  reference  to  long  period  extremes  at  numerous  stations  and  also  by  use 
of  several  probability  scales  (see  footnote,  H,  l). 

(2)  The  table 

As  in  the  Homograph,  the  Extrapolated  Section  of  the  table 
is  a  continuation  of  the  Basic  Section,  and  extends  to  cover  frequency 
probabilities  by  decades  up  to  100  years.  Thus,  for  the  CMn  60  pattern 
we  follow  tne  rine  60  from  the  left  margin  to  the  required  (e.g.,  50-yr., 
100~yr. )  column  heading  in  Extrapolated  Section.  Values  ncre  th-r  100 
are  the  CPrV’s.  (Val’’-;*  less  than  100  in  Extrapolated  Section  cure  ex¬ 
plained  in  the  Identification  Section  comments  bel^w. ) 

c.  Identification  section 


(l)  The  nomograph 

The  Basic  Section  of  the  nomograph  was  constructed  from 
10-year  records.  The  trend  of  converted  predictive  values  on  the  nomo¬ 
graph  and  in  Table  I,  therefore,  iB  geared  only  to  10-year  summary  records. 
What  is  to  be  done  if  one  must  use  a  60-year  summary  record?  The  Identi¬ 
fication  Section  is  designed  to  cover  such  contingencies.*  Let  us  assume 
that  a  given  60-year  record  has  a  converted  mean  ( Ota)  of  ^5.  To  identify 


*See  reference  9,  Part  IV,  for  full  explanation  of  Identification  Section. 
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the  10-year  equivalent  pattern  for  this  CMn  45  in  figure  1,  fellow  the 
vertical  60-year  line  (identification  Section)  downward  to  horiiontal  line 
CMn  45.  From  here  follow  the  nearest  sloping  line  to  the  10-year  vertical 
line  on  the  left  margin.  It  emerges  here  on  Ob  50.  For  prediction  pur¬ 
pose  a  the  10-year  CMn  50  patten  of  CPrV's  should  he  used  as  the  equiva¬ 
lent  of  the  Ob  45  patten  of  CPrV's  associated  with  the  60-year  record* 

In  line  manner  the  10-year  equivalent  Ob  patten  may  be  Identified  for 
the  Ob  patten  of  CPr  values  for  any  length  of  record  up  to  100  years* 

(2)  The  table 

The  same  results  may  be  achieved  by  use  of  Table  I.  Just 
follow  down  the  60-year  column  (Extrapolated  Section)  to  the  60-year 
Period  Converted  Mean  (PCMn)  nearest  45.  (PCMn's  are  the  values  in  the 
Extrapolated  Section  that  are  less  than  IX.)  The  figure  nearest  to  45 
in  this  column  happens  to  be  45.0,  which  is  the  line  or  patten  of  CPrV's 
associated  with  the  10-year  CMn  50  (far  left  column).  Therefore,  the 
10- year  equivalent  CMn  50  patten  of  CPrV’s  is  to  be  used  in  computing 
probabilities.  (See  Appendix  C  for  example  using  Identification  Section.) 
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Hfi T  m.  SOME  CLEttTOLOGT  HCCmCTIOB  AID  THBlR  BmABIIJTT 


1.  Assessing  ralnfal  i.  probabilities 

Several  example*1  of  using  the  mean  and  two  gtrewi  with  a  Geaxnal- 
purrose  type  Sotugrapb  to  predict  frequency  end  probable  —punt  of  1-day 
rainfall  are  gircr  in  Reference  7-  An  ex— pie  of  this  type  is  solved  in 
Appendix  ?. 

2.  Validation  of  certain  rainfall  predictions  by  handbook  data 

Mutually  tabulated  and  graphed  cliaatic  data  for  lerr,  saddle  and 
high  latitudes  are  given  in  three  Any  handbooks:  Cristobal,  Canal  Some; 
Devils  lake,  north  Dakota;  and  Fort  Churchill,  Man.  (10).  Table  U  gives 
rainfall  data  from  graphs  in  these  handbooks  ("Actual").  Also  shown  are 
corresponding  predicted  values  ("Predicted")  retrieved  by  use  of  the  three 
items  of  sun arized  data  (Ahlfc,  AhJtL  and  IBto),  and  tbs  General -purpose 
Homo  graph.  The  months  chosen  represent  Booths  of  the  vet  or  the  dry  sea¬ 
sons  of  the  year.  The  predicted  nines  run  to  100  yeoXB.  The  graphed 
values  cover  only  years  of  actual  record. 

The  inferences  between  the  predicted  and  the  actual  (tabulated)  are 
not  greater  than  would  be  expected.  In  general,  the  predictions  cell  for 
a  few  acre  days  cf  low  rainfall  than  be  tabulated  records  Indicate. 

3*  9S. 

Using  the  aean  and  two  extreacs  and  the  General-purpose  Bono graph 
to  Lseess  hourly  temperature  probabilities  is  discus  Bed  in  Reference  5 
(mentioned  above  in  I,  2b).  An  example  of  hourly  temperature  frequencies 
is  also  discussed  later  in  this  report  (VI,  3)  and  a  detailed  solution 
given  ir  Appendix  C. 

Summarized  data  are  available  for  assessing  probable  percentage  data 
for  first  ki  lling  frosts  of  Autumn,  and  last  killing  frosts  of  Spring; 
for  the  closing  of  harbors  and  rivers  by  ice  in  Vinter  and  their  opening 
ir.  Spring;  and  for  many  other  kinds  of  summarised  atmospheric  phenomena 
in  which  only  mean  and  extremes  are  given., 
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PART  IV. 


ILLUSTRATIVE  USES  FROM  INDUSTRY  AND  PSYCHOLOGY 


Many  kinds  of  summexized  data  axe  amenable  to  this  nomographic  method 
by  which  frequency  distributions  may  be  resolved.  If  the  mean,  the  ex¬ 
tremes,  and  length  of  record  are  given,  the  percentage  frequency  and  levels 
of  occurrence  may  be  retrieved  or  predicted  with  considerable  confidence. 
Two  examples  are  given  below. 

1.  Comparative  screwdriver  tensile  strengths  of  slotted  heads  of  valve 

caps 

A  potential  customer  (6uch  as  the  U.  S.  Army  hfateriel  Command) 
desired  to  know  the  screwdriver  tensile  strength  of  samples  of  the  slotted 
heads  of  valve  cape  of  two  competing  companies.  In  the  gi/en  situation 
the  slotted  heads  of  the  screw  caps  could  not  tolerate  tensions  greater 
than  200  lb.,  and  required  a  minimum  strength  of  at  least  140  lb.  for 
satisfactory  operations. 

Company  A:  In  a  3^  valve-cap  sample  of  this  company  the  mean  strength 

was  153  lb.,  the  maximum  was  l8l  lb.,  and  the  minimum  was  130  lb. 

Company  E:  In  a  36  valve-cap  sample  of  the  competing  company  the 

mean  strength  was  138  lb.,  the  maximum  was  203  lb.,  end  the  minimum  war 
66  lb. 

Using  these  data  and  the  tabular  equivalent  of  the  General-purpose 
Nomograph  (Table  I),  the  frequency  distribution  of  tensile  strengths  wa6 
predicted.  The  frequency  distribution  in  Company  A  ( 34  sample  records) 
followed  pattern  Clii  48.  The  frequency  distribution  in  Company  B  (36  sam¬ 
ple  records)  followed  pattern  CMn  57.  The  predicted  distributions  are 
given  in  Table  III. 

Tofclo  m.  Predicted  Frequency  and  Assist  (in  IbJ  of  Tensile  Stresgt*  of  Slotted  Koaida 
of  2  Coopeting  Valvo  (Screwdriver  Volvo  Toft* ) 

Caopny  .0323*  I*  lgjf  20$  30*  *0*  50*  60*  70*  SO*  90*  99*  99.&*<  99-89*  99. 92*  99-95***  99 .968* 

A 
B 


lb 


130  133Zi>0  1*2  1*5  1*9  153  156  161  l£  167  175  180  1§1  183  185  16 g 

66  77  99  109  U8  127  13S/P»7  156  ri>*  173  187  ITj  201  2£2  206  210 


Underlined  figures  represent  nrln  value* 
Bracket*  Inclose  tolerance  raage  /I4o  -  200  lb/" 


It  is  evident  free  Table  III  that  90$  of  Company  A  valve  caps  were 
vithin  the  required  range  (140  to  200  lb.),  and  that  only  5 0$  of  Company 
E  valve  caps  were  vithin  this  range. 

It  is  conceded  that  it  may  seem  odd  to  construct  from  climatic  data 
a  predictive  nomograph,  and  then  use  it  in  application  to  industrial 
data.  But  we  do  use  means,  standard  deviations,  etc.,  regularly  as  uni¬ 
versal  measures  of  dispersion.  It  is  suggested  that  patterns  of  asymme¬ 
try,  in  general,  are  amenable  to  many  more  applications. 

2.  Scores  on  Army  Alpha  Test 

The  summary  of  scores  from  an  Army  Alpha  Test  given  to  a  group  of 
54  Army  men  was  as  follows:  maximum  score  201,  mean  score  172,  and  min¬ 
imum  score  126  (3).  Assuming  this  to  be  representative  of  10  repeated  tests, 
what  are  the  probable  results  to  be  expected  at  various  percentages  of 
the  time? 

In  solving  this  problem,  the  converted  mean  of  6l  is  used  (CMn  =  6l). 
Therefore  the  CPr  values  in  the  CMn  6l  pattern  of  Table  I  ( equivalent  of 
the  Nomograph)  were  used  to  compute  the  probable  percentages  of  frequency 
scores.  These  were  found  to  be:  1C$  of  the  men  should  score  Ikj  or 
lower;  20$,  154  or  lower;  30$,  l60  or  lower;  50$,  173  or  lover;  70$,  182 
or  lower;  9°$»  191  or  lower.  That  is,  only  1C$  of  the  men  should  score 
191  or  above. 

If  the  test  had  included  a  larger  proportion  of  easy  questions,  then 
the  CMn  might  have  been  higher,  perhaps  as  high  as  CMn  8C  or  90.  The 
converse  probably  would  happen  if  there  bad  been  a  larger  proportion  of 
difficult  questions  in  the  tests.  Or  if  tnere  had  been  a  large  number 
of  such  tests,  the  extremes  would  probably  be  more  attenuated--perhapa 
having  the  maximum  higher,  and  the  minimum  lower.  Then  a  different 
nomographic  pattern,  selected  by  means  of  the  Identification  Section, 
would  be  used  for  predictive  purposes,  but  the  distribution  pattern  would 
still  be  approximately  as  asymmetrical. 
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PART  V.  THE  ALTERNATIVE  NGMOGRAHI 


1.  Essential  data  and  theory  for  const ruction;  and  using 

In  summarizing  data  in  which  extremes  are  critical  factors,  it  is 
often  desirable  to  know  the  averages  of  the  extremes  measured.  There¬ 
fore,  mean  maxima  (>ttx)  and  mean  minima  (MWl)  for  given  month(s)  are  often 
listed  in  summary  records.  The  extreme  maximum  and  the  extreme  minimum 
temperature  for  January  each  usually  occurs  only  once.  On  the  other  hand, 
in  January  over  a  period  of  5°  yeerc  there  are  1550  daily  maxima  and  1550 
daily  minima.  The  averaging  of  these  gives  a  January  mean  daily  maximum 
(MDMx)  and  a  January  mean  daily  minimum  (MDMi)  each  of  which  is  a  more 
stable  value  from  which  to  measure  frequency  of  daily  extremes  than  any 
one  of  its  numerous  components.  It  is  proposed,  therefore,  to  construct 
an  Alternative  All-purpose  Nomograph  using  these  two  means  (MEMx  and  MEMl) 
as  relatively  stable  anchors  in  the  abbreviated  record  from  which  the  fre¬ 
quency  of  oscillating  extremes  may  be  measured. 

In  such  a  nomograph  the  frequency  distribution  associated  with  the 
oscillating  daily  mini mum  would  be  measured,  located  by  reference  to  a  100- 
unit  scale  extending  from  the  converted  mean  daily  maximum  (CMDMx)  =  100  to 
the  absolute  minimum  (AbMi)  =  0.  Thus,  the  converted  mean  daily  minimum 
(CMDMi)  serves  to  identify  the  pattern  of  CPrV's  to  be  used  for  predictiv 
purposes. 

For  purposes  of  predicting  the  frequency  patterns  associated  with 
daily  maxima  or  minima,  the  range  should  perhaps  be  measured  from  one 
absolute  extreme  (e.g.,  AbMx)  in  a  given  period  of  time  to  the  mean  of  the 
opposite  extreme  (e.g.,  MDMi)  instead  of  measuring  from  one  absolute  ex¬ 
treme  to  the  opposite  absolute  extreme  as  in  Figure  1.  We  have  in  Figure  3 
such  a  nomograph.  Its  construction  and  use  are  in  most  ways  analogous  to 
that  of  Figure  1  of  the  present  study. 

2.  Previous  studies  used,  and  range  of  converted  mean  extreme.: 

Two  studies  (6,  8)  served  chiefly  as  guides  in  constructing  the  pro¬ 
totype  for  Figure  3  (Alternative  Nomograph).  The  CMn  patterns  for  the 
former  (CMDMi  in  reference  6)  ranged  from  CMn  20  to  CMn  55 >  and  the  CMn 
patterns  for  the  latter  (CMDMx  in  reference  8)  ranged  from  CMn  36  to 
CMn  80.  (The  two  series  of  patterns  overlap  from  CMn  38  to  CMn  55*)  This 
left  CMn  0  to  20  and  CMn  80  to  100  to  be  developed.  The  extrapolations 
were  achieved  by  use  of  several  differing  probability  scales  (see  foot¬ 
note  II-2),  by  searching  out  same  extreme  types  of  distributions,  and 
considering  some  unusual  but  theoretically  possible  situations.  Tor  ex¬ 
ample:  a  case  in  which  either  one  or  the  other  or  both  extremes  4n  several 
or  all  of  the  distributions  ran  into  stationary  or  fixed  limits*  Or  a 
situation  in  which  a  very  potent  variable  synchronized  with  other  high 
variables  only  once  or  twice  in  a  large  number  of  distributions.  In  some 
such  cases  extremely  skewed  or  asymmetrical  distributions  might,  probably 
would,  occur.  In  situations  like  this,  converted  mean  patterns  might  run 
say  85  to  100  or  perhaps  low  -  0  to  15. 
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CONVERTED  PREDICTIVE  VALUES  <CPV)  BASED  ON  TEN-YEAR  SAMPLES  NUMBER  OF  YEARS  IN  THE  RECORD 

REPRESENTATIVE  OF  FREQUENCY  DISTRIBUTIONS 


Reference  <3  contains  several  examples  of  the  use  of  a  nomograph 
similar  to  this  to  predict  probable  frequency  of  occurrence  of  daily  max¬ 
imum  temperatures.  For  these  the  summarized  data  are:  AbMx,  MEMx  and 
MDKi.  Reference  9  Rives  an  example  of  predicting  probable  frequency  of 
daily  minimum  temperatures.  For  these  the  essential  data  are:  AbMl, 

MDMi  and  MEMx. 

In  part  VI,  4  of  this  report  January  minimum  temperature  probabili¬ 
ties  are  given  for  certain  degree  quadrangles  in  Germany. 

4.  Tabular  counterpart 

In  Table  IV  the  predictive  features  of  the  Alternative  Nomograph  are 
numerically  represented  in  their  entirety.  See  Part  II,  2  of  this  report, 
for  a  generalized  explanation  of  the  sections  of  the  table. 

5*  Differences  between  the  -fryo  nomographs 

The  nomographs  are  constructed  from  and  used  with  different  items  of 
essential  data,  as  explained  above  and  summarized  in  VI,  2  below. 


In  the  General-purpose  Nomograph,  the  predictive  curves  are  given  in 
the  usual  percentages  (l$,  5$,  10*  20 $  .  .  ,  100$).  In  the  Alternative 
Nomograph  the  predictive  curves  are  given  primarily  in  frequency  in  days 
(25/31,  20/31  .  .  .  1/3100)  with  the  corresponding  percentages  (80.6$, 

64. 5$  .  .  .  0.032$).  The  latter  nomograph  has  certain  advantages  for 
solving  climatology  problems. 

Of  course  It  i6  immaterial  whether  the  percent  frequency  curves  are 
arranged  from  0  to  100  or  from  100  to  0,  since  on  occasion  each  curve  is 
used  as  value  X  or  as  100  -  X. 
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PART  VI 


U£Z  Of  TER  HOMOGRAPHS  WOT  IS03BKNAL  MU* 


The  nomographs  described  hare  special  significance  as  applied  to 
climatic  data.  Let  us  illustrate  one  use,  potentially  acrid-wide,  by 
applying  it  to  a  specific  country  -  Germany. 

1*  Constructing  Isothermal  nape  of  essential  data 

Suanarlted  temperature  data  firm  75  weather  stations  in  Germany 
(Fig.  4)  enabled  us  to  construct  5  January  isothermal  naps  of  the  country 
based  on  sere  than  70  50-year  records: 

AbJfcL  (Fig.  5a);  KDKi  (Fig.  5b);  Haifa  (Fig.  5c); 

HLMx  (Fig.  5<i);  AbMx  (Fig.  pe). 

2.  Predicting  frequency  distribution  of  (January)  tcaqyeratures 

With  these  maps  of  essential  data  and  the  appropriate  nomograph,  ve 
can  predict  the  hourly  frequency  distribution  of  January  temperature  for 
any  given  place  in  Germany. 

Which  3  items  of  essential  data  we  use  will  depend  on  which  nomograph 
we  intend  to  use.  These  would  be: 

For  the  General-purpose  Homograph : 

AbJfc  JfaJfa  AbKi 

For  the  Alternative  Homograph: 

AbMi  KDM1  XLMa  or  Ah  Ms  MEfax  MDMi 

For  solving  the  present  problem,  the  General-purpose  Homograph  was  selected. 
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The  Stuttgart  area*  of  Germany  was  a  random  sangsle  to  test  the  use 
of  isothermal  maps  for  predicting  hourly  distribution  of  temperature. 

The  required  essential  data  for  the  Stuttgart  area  are: 

AbMx  -  58#F  Jtolfa  -  3C*F  AbMi  «  -4*F 

The  above-listed  summarized  data  for  the  Stuttgart  area  may  be  used 
with  the  General-purpose  Nomograph  to  assess  the  frequency  and  amount  of 
January  temperatures.  From  the  50-year  map  data  hourly  temperature  fre¬ 
quencies  were  predicted.**  These  su  e  given  in  line  F  of  Table  V. 

3.  Reliability  of  predictions  for  Stuttgart  area 

In  Table  V,  line  D  gives  the  observed  hourly  frequency  record, 
machine-tabulated,  for  5  Januaries.***  Line  E  gives  the  hourly  frequen¬ 
cies  from  the  5-year  summary  record  in  line  D. 

It  Is  believed  that  the  predictions  i”  line  F,  made  from  the  50- 
year  map  data,  are  just  as  good  or  better  for  operational  purposes  than 
the  recorded  hourly  frequencies  from  the  original  5-year  roennlne-tabulated 
records  or  the  predictions  from  the  5-year  summarized  records. 

4.  Constructing  maps  of  temperature  probabilities 

Let  us  illustrate  one  use  for  the  temperature  probabilities  developed 
from  essential  data  by  using  the  Nomograph.  Suppose  we  wish  to  construct 
a  January  map  of  Germany  showing  the  minimum  temperature  probabilities 
for  9 «T/p  of  the  time,  or  3  days  in  January.  This  will  be  done  in  the 
following  steps: 

a.  Secure  essential  data 


We  have  decided  to  use  the  Alternative  Nomograph,  so  we  will 
need  MDMx,  MEtil  and  AbMi.  We  will  secure  these  essential  data  from  the 
vertex  of  each  degree  quadrangle.  For  example,  quadrangle  A,  on  Figure 
5 d •  5b  and  5a.  Table  VI  gives  the  essential  data  so  secured. 


*Thls  is  an  area  where  hourlv  records  have  kept  and  tabulated 

which  are  of  sufficient  length  to  lend  validity  to  the  present  nomo¬ 
graphic  mechod.  It  should  be  noted,  especially,  that  the  predictions 
are  not  for  the  Stuttgart  weather  station,  but  represent  the  general 
area  in  the  vicinity  of  the  relevant  isotherms. 

**See  Appendix  C  for  detailed  steps  in  predicting 

***Tabulate.d  at  Asheville,  N.C.,  for  Weather  Corporation  of  America  (WCA) 
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ute  and  tabulate  pr^ba>>le  frequencies 


Using  the  Alternative  Nomograph,  the  probable  frequencies  of 
daily  minimum  temperature  were  computed  for  quadrangle  A.  (See  Table  VI.) 

In  the  same  way  the  data  and  probable  frequencies  were  obtained  for 
each  degree  quadrangle  (B,  C,  etc.)  and  tabulated,  as  indicated  on  Table 
VI- 


We  are  here  interested  in  9.7$  probabilities,  so  we  underline  these 
in  the  table  (Table  VI).  These  underlined  values  will  be  used  in  con¬ 
structing  the  9-7%  probability  map. 

c .  Construct  the  probability  map 

On  the  map  of  Germany,  at  the  various  quadrangular  vertices,  plot 
the  70  or  more  minimum  temperature  values  shown  in  the  9-7%  (or  3/31) 
column,  that  is,  for  quadrangle  A  =  IS;  B  =  10  and  C  =6,  etc.  Draw  tL” 
9-7$  isotherms  through  and  among  the  plotted  minimum  temperature  values. 

This  is  the  9-7?  map,  and  shows  tae  minimum  temperature  to  be  ex¬ 
pected  at  least  5  lays  in  January  in  every  part  of  Germany. 

d.  Wider  application 

Of  course,  corresponding  maps  can  be  drawn  showing  minimum  tem¬ 
peratures  to  be  expected  for  ag£  level  (80.6$  to  0.032$),  i.e.,  from  25 
days  in  one  January  to  1  January  day  ia  100  years  or  100  Januaries. 

The  above  procedures  could  be  folLoved  in  constructing  maps  featur¬ 
ing  frequency  of  daily  maximum  temperature  levels  (using  MDMi,  MEMx  and 
AbMx  data). 


Similar  procedures  could  be  used  for  rainfall,  or  other  climatic 
data.  Or  the  procedures  could  be  adapted  to  UBe  of  the  General-purpose 
Nomograph  and  its  appropriate  ersential  data  (AbMx,  DMn,  AbMi'. 

This  procedure  is  applicable  for  icy  part  of  the  world  where  essen¬ 
tial.  summarized  climatology  data  are  available. 


It  is  believed  that  the  temperature  data  derived  from  such  maps  is 
sufficiently  reliable  to  fall  well  witiin  the  calculated  r*sks  of  mili¬ 
tary  expediency,  and  may  be  used  with  confidence  at  least  until  better 
criteria  are  found  and  evaluated . 
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Suamary 


A.  The  value,  use  and  construction  of  the  100-unit  nomographs  pre¬ 
sented  in  this  study  are  based  on  the  assumption  that  the  frequency  dis¬ 
tributions  of  measures  of  given  phenomena  differ  from  the  normal  accord¬ 
ing  to  patterns  which  are  more  or  less  inherent  in  their  summary  measures. 
The  construction  of  the  two  nomographs  depends  largely  on  which  values  in 
the  summaries  are  utilized  as  parameters  in  their  make-up. 

In  Figure  1  and  Table  I,  the  101  converted  mean  patterns  (CMn), 
each  with  its  unique  series  of  converted  predictive  values  (CPrV),  depend 
for  their  utility  entirely  on  four  (4)  parametric  values.  These  summary 
measures  are: 


AbMx  -  Absolute  Maximum 
AbMi  -  Absolute  Minimum 
Mn  -  Mean  or  Average 
-  Length  of  Record 

Givwi  these  4  parametric  measures,  commonly  available  in  summarized  cli¬ 
matic  records,  t..  approximate  details  of  a  climatic  record  may  be 
retrieved . 

B.  Some  categories  of  summarized  data  include  the  average  or  mean 
of  a  series  of  extremes,  i.e.,  the  mean  maximum  (MMx)  and  mean  minimum 
(MMi).  In  this  case,  these  two  parametric  values  together  with  the  ex¬ 
tremes  may  be  used  in  the  construction  of  the  Alternative  Predictive 
Monograph  (Figure  3). 

Theoretically,  the  prediction  from  the  two  nomographs  should 
agree  (approximately)  when  applied  to  a  given  summary  record.  The  anchor 
position  (CMn  **  0  and  CMn  *  100 )  free  which  all  probabilities  (CPrV’s) 
are  measured  in  Figure  1  is  either  the  absolute  maximum  or  absolute  mini  - 
mum:  this  is  not  as  stable  as  the  anchor  position  of  mean  maximum  (Mx) 
or  mean  minimum  (MMi)  as  in  Figure  3* 

C.  The  author  believes  that  these  two  nomographs  are  fairly  good 
instruments,  but  should  be  considered  tentative,  and  should  be  subjected 
to  rigorous  tests  and  subsequent  revision.  Therefore,  this  investigator 
invites  and  welcomes  suggestions  for  the  revision  or  modification  of  these 
two  prognostic  insxruments , 
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AHSlDIX  A 


ABBREVIATIONS 


AbMx 

AbMl 

Mn 

DMn 

MoMn 

MEMx 


MTStL 


CAfcMr 

CAbMi 

CMn 


CMDMi 


Absolute  ,\uclaun 

The  highest  measure  recorded  in  a  given  series  of  observa¬ 
tions  of  a  climatic  or  other  variable. 

Absolute  Minimum 

The  lowest  measure  recorded  in  a  given  series  of  observations 
of  a  climatic  or  other  variable. 

Mean 

The  sum  of  a  series  of  measures  divided  by  the  number  of 
measures,  to  give  the  average  value. 

Daily  Mean 

The  average  of  a  given  series  of  daily  measures. 

Monthly  Mean 

The  mean  of  a  series  of  monthly  averages  for  a  given  month 
in  each  year  of  record. 

Mean  Dally  Maximum 

The  average  of  the  daily  maxima  (in  this  study,  for  a  given 
month  only  in  each  ye^r)  during  the  period  of  record. 

Mean  Dally  Minimum 

The  average  of  the  daily  minima  (in  this  study,  for  a  given 
month  only  lr.  each  year)  during  the  period  of  record. 

Converted  Absolute  Maximum 

The  AbMx  changed  to  100  on  the  100-unit  scale. 

Converted  Absolute  Minimum 

The  AfcMi  changed  to  0  on  the  100-unit  scale. 

Converted  Mean 

The  mean  occupying  the  same  relative  position  between  ex¬ 
tremes  as  in  unconverted  observations,  but  expressed  as  a 
value  on  the  100-unit  scale  between  0  (CAbMi)  and  100 
(CAbMx). 

Converted  Mean  Daily  Minimum 

Average  of  the  reduced  daily  minima  converted  to  the  100- 
unit  scale  as  in  Telle  IV. 


PRECEDING 
PAGE  BLANK 
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converted  to  the  100- 


GMMx 


CPrV 


pate 


Converted  Wean  Dally  Maximal 
Average  of  the  reduced  dally  — 
unit  scale  as  In  Table  IV. 

Converted  Predictive  Values 
The  cumulative  frequency  predictive  values  associated  vith 
each  of  the  101  Ob's  (left  margin  Table  I  and  Table  IV), 
e.g.,  CPrV's  on  line  Cite  60. 

Period  Converted  Mean 

See  footnote  Table  I  and  Table  IV. 
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APPSKDU  B 


PROBLEM  SOLUTION:  ASSESSING  FREQUENCY  AND  PROBABLE  AMOUNT 
0?  1-DAY  RAINFALL,  USING  GENERAL-PURPOSE  NOMOGRAPH 


In  this  type  of  problem,  we  are  given  the  10-year  record  and  use 
the  Extrapolated  section  of  the  Nomograph  or  its  associated  Table  to  pre¬ 
dict  for  decades  beyond  10  years.  The  specific  subject,  April  rainfall 
in  New  Orleans,  was  previously  discussed  (see  Table  I,  ref.  7),  but  in 
the  following  problem  the  present  Nomograph  (Fig.  l)  wan  used. 

1 .  Statement  of  problem 

Given:  At  New  Orleans  during  a  10-April  period  (300  April  days  in 
10  years )  the  monthly  mean  (MoMn)  rainfall  was  4.94"  and  the  1-day  maxi¬ 
mum  (l-day  Mx)  was  5*8". 

Required:  What  is  the  probable  1-day  maximum  April  rainfall  to  be 
expected  in  20  years?  50  years?  100  years? 


2,  Solution  of  problem 


a.  Find  the  CMn  (l-day  converted  mean] 


Therefore,  l-day  CMn  3  pattern  of  CPrV  is  to  be  used  for 
predictions . 

b.  Find  the  CPrV's 

On  the  General-purpose  Nomograph,  follow  along  CMn  3  from  the 
]eft  margin  to  its  intersection  with  the  20-year  curve,  thence  upward 
to  124;  to  the  intersection  with  the  50-year  curve,  thence  upward  to  146; 
aDd  for  the  100-year  curve ,  thence  upward  to  168.  These  are  the  converted 
predictive  April  l-day  rainfalls.  These  r'T>rVi s  arc  more  easily  found  on 
the  equivalent  table.  Using  the  CRa  pattern  of  3  in  Table  I,  follow  along 
from  the  left  margin  until  under  column  head  for  20  years :  124 ;  for  50 

years:  146;  and  for  100  years:  168. 


geconrert  to  coarentloaal  aeasores  (laches) 


Fojanla: 


1-day  Maxims 
20  April  1-day  Mas 


.  (10  April  1-dar  *t)  (CM) 
100 


-  5.89"  (124) 
100 


7.30"  *t  least 


50  April  1-day  Me 


5.89"  (1^6) 
100 


8.60"  at  least 


100  April  1-day  Me 


h&nm 


100 


9.90"  at  least 


AFJKHDH  C 


PROBLEM  SOLUTION:  ASSESSING  ZBfPBOTURS  FRBQUSTTES,  BASED  OH  50-OAR 
SUMMAKT  RECORDS,  USHG  G9BRAL-HIRP06B  aOHXSUFH 


This  is  a  step-by-step  solution  of  the  problem  discussed  in  VI, 2  of 
this  report,  with  results  given  in  Table  V,  line  F. 

1.  Statement  of  problem 

Given:  The  following  essential  data  from  isothermal  maps t 
Pigs.  5  e,c,a 


AfcMx  =  58*F  MoMn  -  30°F  AbMi  »  -k*T 

Required:  To  assess  the  percentage  frequency  of  January  daily 
temperatures,  based  on  SO -year  summary  map  records,  for  the  vicinity  of 
Stuttgart,  Germany. 

2.  Solution  of  problem 

a.  Reduce  the  3  items  by  subtracting  each  from  Abfcbc,  so  that: 

AbMx  =  0  MoMn  »  28  AbMi  «  62 
The  50-year  range  is  62F°. 

b.  Find_the^C-j^r__CMa 


Formula: 

PCIta  =  100  (Mojfci 
Range 


(Substituting) 

a  100^(26) 


1+5.? 


PCMn  1+5.2  is  for  a  50-yx  period  record, 

c .  Find  the  10-year  CMp  pattern  equivalent  to  FQta  1+5.2 

In  Table  I,  follow  down  the  50-yr  column  series  of  PCJia's 
(figures  lees  than  100)  to  the  one  nearest  1+5.2.  This  is  ^5  .5  und  is 
found  associated  in  the  10-yr  table  (follow  line  to  left  margin)  with 
the  Cito  £0  pattern  of  CPrV's. 


^3 


The  10  >r  CMn  50  pattern  will  ierre  for  prediction  purposes 


d.  Find  the  required  CPrV*B 

On  Table  I,  on  the  C)fc  50  line,  find  the  required  CPrV  under 
the  appropriate  column  heading,  e.g. ,  30-yr  CPrV  ■  107;  50-yr  CPrV  ■  110 
100 -yr  CPrV  -  115* 

e.  Find  ■what  the  10-year  range  would  be,  corresponding  to  50-yr 
range  '(&?)' 

Formula: 

10-yr  range  =  100  (50-yr  range) 

50-yr  CPrV 

(Substituting) 

=  100  (&0  =  56.4 

no 

f .  Find  required  percentage  frequency  temperatures 
Formula': 

Percentage  frequency  ten?}.  =»  50-yr  Ablbc  -  1  s** ) 

(Substituting) 

For  1  day  in  30  yearr  =*  58  -  =  -2 

100 

For  1  day  in  ?  "X)  years  =  5&  -  =  -7 

100 

These  and  other  frequencies  are  given  in  Table  V. 
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♦As  in  step  e  above. 
♦♦As  in  step  d  above . 
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experience  In  each. 

The  predictive  patterns  in  the  General  Homograph  and  its  associated  table 
dep  ad  for  their  operation  on  the  numerical  position  of  the  mean  (average)  between 
the  two  extremes  (maxim®  and  minimum)  in  the  frequency  distribution,  when  the  three 
related  measures  are  reduced  to  a  100-unit  scale.  The  means  of  frequency  distribu¬ 
tions  having  various  degrees  of  skewness  lie  along  a  diagonal  line  from  the  lorr 
left  to  the  upper  right  of  the  basic  section  of  the  nomograph.  Other  lines  (curved) 
trace  the  values  of  other  percentile  or  fractional  parte  of  the  various  distributions, 
file  construction,  use  and  reliability  of  this  nomograph  and  its  associated  table  are 
given  in  this  report.  * 

Jimilar  predictive  patterns  in  an  Alternative  Homograph  and  its  associated 
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